Introduction
This paper examines the impact of introducing search frictions and sluggish wages into an open economy DSGE model of Hungary. The model builds on the existing Hungarian DSGE model of Jakab and Világi (2008) , but adds a more detailed labor market based on the Mortensen and Pissarides (1994) search-and-matching framework, and simplifies along other dimensions. Our goal with this exercise is threefold.
First, we are interested in how the search-and-matching rigidities modify the workings of the model relative to the baseline where sluggish wages are a result of Calvo wage setting by monopolistic wage setters (Erceg, Henderson and Levin 2000; Adolfson, Laséen, Lindé and Villani, 2007) . A particular interest in our exercise is the role of wage rigidity for new hires. There is an ongoing debate on how much new hires wages mimic wages in existing jobs. 1 We contribute to this literature by separately estimating the parameter governing new hires wage rigidity, and examining the consequences of such rigidity in a medium scale DSGE model.
Second, we explore how monetary policy and the labor market interact in a more realistic setting.
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This way we can learn about the transmission of monetary policy shocks through the labor market, and also the impact of labor market originated shocks to the rest of the economy.
Finally, we contribute to the existing literature on labor DSGE models by adding search and matching rigidities to a small open economy framework. We do this primarily because the Hungarian econ-
omy is highly open, so it is essential to include the export and import sectors (as well as foreign borrowing and lending) to provide a realistic picture. On the other hand, we are able to explore interactions between labor market rigidities and openness: the impact of shocks that originate abroad on the labor market, and the impact of labor market disturbances on exports and imports.
The model we develop is built from standard elements, adopted to some of the special features of the Hungarian economy. Apart from the description of the labor market, we use a somewhat simplified version of Jakab and Világi (2008) . The model has an intermediate good sector producing homogenous goods, and a differentiated final good sector. The intermediate good is produced using labor and capital. This is the sector where search and matching frictions are found. Price rigidities, on the other hand, only apply to final good producers, who assemble differentiated products using the domestic and imported intermediates. Thus we follow much of the literature and separate the wage bargaining and price setting decisions for analytical convenience (see Trigari 2006, for example) .
We estimate the model by Bayesian techniques on Hungarian data. Our results indicate that new hires wage rigidity is likely to be lower then wage stickiness in existing jobs, but the parameter is very imprecisely estimated. Impulse response analysis reveals that new hires wage flexibility has important implications for at least some shocks and variables.
To judge the performance of our model, we evaluate it against an alternative that is a simplified version of Jakab and Világi (2008) . In particular, we replace the search-and-matching block with a standard wage inflation Phillips curve, and include an ad-hoc specification of slow employment adjustment (as in Adolfson, Laséen, Lindé and Villani, 2007) . We find that our baseline model is strongly favored by the data (based on the posterior odds ratio). Also, the impulse responses generated by the baseline model are more in line with VAR evidence on the Hungarian economy than the alternative specification (Jakab, Várpalotai and Vonnák, 2006; Vonnák 2007). 3 Overall, our exercise is similar to Christoffel, Kuester and Linzert (2006) , who estimate a searchand-matching augmented DSGE model on German data. Apart from the fact that they work with a closed economy, there are some other important distinctions. First, we add capital as a factor of production in addition to labor. Second, we distinguish wage rigidity for existing jobs and new hires. Pissarides (2009) shows that the wage rigidity of new hires is the important variable for job creation, while wages in existing jobs are not allocative in this class of models. This is also an important difference -apart from the country coverage and the treatment of monetary policy -from Albertini, Kamber and Kirker (2011) , who also work with a small open economy (New Zealand) but do not distinguish wage rigidity in new and existing jobs. Stahler and Thomas (2012) , on the other hand, do allow for different degrees of wage stickiness for new hires. Their model, however, is designed for fiscal policy simulations in a two-country currency union, while we focus on a small open economy with its own monetary policy. Also, Stahler and Thomas (2012) rely on calibration, while we estimate our model using Bayesian methods.
We do not consider how monetary policy should be considered in the presence of matching frictions and real wage rigidity. Faia (2008) shows that with these two features, monetary policy should target not only inflation, but also unemployment. This result comes from the fact that equilibrium allocations are generally inefficient in such a framework, but the exact details of the optimal policy depend also on the calibration. Since our goal in this paper is to examine the ability of a DSGE model with search frictions to fit actual developments in Hungary, we leave the question of optimal monetary policy for future research.
The model
Our model is a standard New Keynesian model based on the estimated, small open economy framework of Jakab and Világi (2008) (2011) and Stahler and Thomas (2012) . The difference with respect to the first study is the separation of new hires' wage rigidity, while the second article is a two-country, calibrated model focusing on fiscal policy. 
Households
There is a measure 1 of identical households in the economy; this is also the size of the labor force.
Each household has a continuum of members. The representative household maximizes intertemporal utility by selecting streams of consumption, investment and foreign bond holdings. Consumption is subject to external habits, and investment is subject to adjustment costs defined on the ratio of current and previous investment.
Household members are either employed or unemployed; we do not model labor force participation. We use the usual assumption in the labor DSGE literature (see Merz, 1995 and Andolfatto, 1996) and assume that households provide perfect consumption insurance for their members. Thus the marginal utility of income is the same for workers and the unemployed, and we can use the representative consumer assumption in what follows. A fraction n h,t of the representative household h works and hence suffers the disutility from work χ t , where χ t is stochastic with an expected value ofχ. The unemployed (1 − n h,t ) draw unemployment benefits z u , which are financed by lump-sum taxes included in the term d t .
Household h's problem thus can be written as Capacity utilization is also subject to a convex cost, with ν > 0.
The wholesale sector
The wholesale sector produces a homogenous product, using capital and labor. Capital is rented from households at the competitive rental rate r k t . The labor market is subject to search-and-matching frictions. Each job is a firm-worker pair, subject to an exogenous, stochastic job destruction probability ρ t . Firms use the same technology. The production function is given by the following Cobb-Douglas
where y t is the amount of output produced per worker (firm), a t is an exogenous productivity shock, and k t is capital per worker.
Given the Cobb-Douglas specification and the fact that the capital market is competitive, demand for capital is given by P t r k t x t k t = αP w,t y t , where P w,t is the nominal price of wholesale goods. The equation implies that the real flow benefit of a job match for a firm is given byz t ≡ (1 − α) p w,t y t , where p w,t = P w,t /P t is the relative price of the wholesale good.
Job flows
As is typical in the literature, new jobs are created when unemployed workers meet open job vacancies. The number of matches is described by a constant returns to scale, Cobb-Douglas matching
, where m t is the number of new matches, v t is the number of open vacancies, and u t is the number of those searching for a job. We follow the timing convention of Gertler, Sala and Trigari (2008) . Employment n t evolves according to the flow equation
where ρ t is the exogenous, stochastic separation rate and we assume a match becomes productive immediately. The number of searchers is given by u t = 1 − n t −1 .Workers who loose their jobs have to wait one period to be able to search for a new one, so u t is different from the number of unemployed eligible for benefits, 1 − n t . For future reference, we use the following (standard) notation: q t = m t /v t is the job filling rate, s t = m t /u t is the job finding rate, and θ t = v t /u t is labort market tightness.
Average wage
We base our description of the wage setting process on Bodart, Pierrard and Sneessens (2006) and on Konya and Krause (2009) . We distinguish between wages of new hires, and wages in existing jobs.
This distinction has potentially important consequences for the job creation process, as shown by Pissarides (2009) . In particular, wage rigidity influences job creation only if new hires wages are not fully flexible.
Both wage setting processes are described by a Calvo probability. In particular, nominal wages in existing jobs are bargained with a probability of 1 − γ w , otherwise the wage is given by last period's nominal wage multiplied by an indexation term using current inflation. For new hires, the nominal wage is negotiated with probability 1−δ w , otherwise it is set at last period's average wage W t −1 , again multiplied by the same indexation term. The parameter governing indexation allows us to nest nominal wage rigidity (where the nominal wage stays constant), and real wage rigidity (where wages are fully indexed to current inflation). We use the notation of W * t to indicate wages that are set optimally in period t .
The evolution of the average wage depends both on the newly set wage and on those wages that are not allowed to reset. The economy wide average nominal wage W t evolves according to
where Π t = P t /P t −1 is gross inflation. Notice that ϑ w = 0 implies nominal wage rigidity, while ϑ w = 1 means real wage rigidity. Our wage equation can be viewed as a more micro-founded version of the real wage adjustment process (eq. 8) in Blanchard and Gali (2007) . As we show below, the driving process for wage inflation is the underlying flexible wage, just as in Blacnhard and Gali (2007) . Differently from their model, because of search and matching frictions, the flexible wage in our framework is not equal to marginal cost.
Firms
Let V t denote the value of a vacancy and let J t denote the value of a filled job in real terms. Creating a vacancy costs κ units, which we assume to be constant 5 . A vacancy is filled with probability q t and the wage bargain takes place with probability δ w . We assume the usual free entry condition to post a vacancy, which implies that the value of vacancies is identically zero, V t ≡ 0. V t is thus given by
Let J t (W * t ) denote the value of a job that was renegotiated at t , and it is given by
Workers
Unemployed workers receive an income z u while unemployed, which includes unemployment and other welfare benefits (we include the value of leisure as an additional term). We use U and W (·)
to denote the value functions of unemployed workers and the value functions of workers with a job, respectively (in real terms). The value of unemployment can be written as:
The value of a job when the wage is just negotiated is given by
Wage bargaining
When wages are negotiated, we assume that they are set as a solution to the generalized Nash bargaining problem, as it is standard in the literature. Thus the wage W * t solves max
where the parameter η measures the bargaining power of workers.
We can define define the "flexible real wage" or "Nash wage" as
which would be the wage under continuous Nash bargaining. Solving the wage bargaining problem and using (1) yields the following log-linearized wage Phillips curve 6 :
whereπ w t is nominal wage inflation,π t is the inflation rate, andŵ t =Ŵ t −P t is the real wage.
Job creation
Imposing the free entry condition for vacancy creation leads to the the job creation condition, which can be written in log-linearized form as: 6 In what follows we use variables with a hat to indicate log deviations from the steady state.
Notice that if there is no wage rigidity for new hires, i.e. δ w = 0, the job creation condition is identical to the one under continuous Nash bargaining 7 . With wage rigidity for new hires, however, job creation responds not only to next period shocks, but also to the evolution of the average wage. Once δ w > 0, moreover, also the rigidity of wages in existing jobs matters for job creation. When creating vacancies, and when wage setting for those new jobs is not completely flexible, rational firms foresee that they may remain stuck with those wages for some time.
Final goods
The final good sector contains a continuum of monopolistically competing firms of measure 1. They combine the homogenous wholesale good and an imported good, and produce a differentiated final good using a CES technology, which is described by the following (real) marginal cost function:
Here mc t is the real marginal cost of a typical final good producer, and p m,t = P * m,t E t /P t is the domestic relative price of the imported good. We assume that the foreign price of imports P * m,t follows an exogenous process, and E t is the nominal exchange rate.
Varieties are either sold domestically or exported. Consumers at home and abroad value the differentiated final goods according to the following CES utility function:
where Y j ,t (i ) is a typical variety in sector j = d , x (domestic end export), and µ j ,t is a time-varying markup parameter.
Variety producers act as monopolists, and choose prices when allowed. We assume pricing to market and local currency pricing. We use the well-known Calvo assumption, so that firms can reoptimize prices with probability 1 − γ j , j = d , x. Those firms that do not optimize at the given date follow a rule of thumb. Rule of thumb price setters partially increase their prices by the average rate of past inflation, as in Smets and Wouters (2003) .
After log-linearization, we arrive at the hybrid New Keynesian Phillips curve identical to that found in Smets and Wouters (2003) . Usingπ t for domestic inflation andπ x,t for export price inflation 7 This is the point made by Pissarides (2009) : "In the search and matching model, the timing of wage payments during the job's tenure is not important for job creation. Job creation is driven by the difference between the expected productivity and the expected cost of labor in new matches. ... as long as the firm and the worker use the Nash wage rule to split rents at the time of job creation, the job creation conditions are unaffected by the rule used to split rents in ongoing jobs. So wages in continuing jobs may be completely fixed, and yet, if wages in new matches satisfy the Nash wage equation, the volatility of job creation will be unaffected by their wage stickiness. " (p. 1340) (denominated in foreign currency), we get the following Phillips curves for sectors j = d , x:
where Ξ t = E t /P t is the real exchange rate.
Equilibrium
The wholesale sector is composed of n t firms producing y t units of the wholesale good each. The equilibrium condition on the domestic wholesale market is
Domestic final goods are used for consumption, investment, and government consumption. The latter is assumed to be exogenous and unproductive, described by an autoregressive process. Government consumption is included both as an accounting term in the GDP identity, and also as an exogenous demand shock that was important in Hungary in the estimation period. The government budget constraint is balanced through lump-sum taxes that are included in the term d h,t in the household budget constraint in Section 2.1. The domestic equilibrium condition is then given as
where C t and I t are aggregate household consumption and investment, and ad j t is a term capturing costs of vacancy creation and capacity utilization.
We assume that the country is a small open economy, which has two implications for external links. First, a modified UIP condition holds, where the interest rate on home currency denominated foreign bonds is given by the constant world interest rate 1/β, plus a risk premium term:
We follow Schmitt-Grohé and Uribe (2003) and make part of the risk-premium a function of the net foreign asset position B . We also include an exogenous risk premium shock
Second, we posit an ad-hoc export demand equation, which is subject to habit formation:
The variable x t is a foreign demand shock. Monetary policy is represented by a simple log-linearized Taylor rule:
where ε t is exchange rate depreciation and m t is a shock to monetary policy. The exchange rate is included because in the sample period the Hungarian currency regime was a managed float.
Bayesian estimation
The model is estimated using Bayesian techniques. Some parameters that correspond to steady state averages are calibrated. We also calibrate others that are either standard in the literature, or that are hard to identify. Since our interest is to a large extent in wage and price setting, we estimate most of the parameters related to these aspects of the model.
The estimation of the DSGE model uses Hungarian quarterly data for twelve macroeconomic variables: real consumption, real investments, real exports, real imports, real government consumption, real wages, employment, CPI inflation rate, nominal interest rate, import and export prices denominated in foreign currency, and the exchange rate. All real variables are HP-filtered with the standard smoothing parameter (λ = 1600) for quarterly data. We also experimented with vacancy data, but due to its poor quality we did not rely on it in the final estimation. The estimation sample covers the pe- We include 12 structural shocks along with the 12 observable series. As detailed above, these are shocks to the household interest rate, the disutility of labor, investment, intermediate production technology, separation rate, export demand, the UIP condition, the foreign currency import price, government consumption, monetary policy, and the domestic and export markups. The first nine follow AR(1) processes, while the last three are white noise.
Calibration and priors
The discount rate β is calibrated to match a steady state annualized real interest rate of 4%, and the depreciation rate is set to δ = 0.027. The capital coefficient in wholesale production α is set to equal capital's share in national income. The parameter α d is pinned down by the share of imports in gross output. The shares of investment and government spending correspond to averages in the national accounts.
We set the elasticity of substitution between domestic and imported intermediates to ξ = 0.8, to capture the idea that substitution is relatively difficult in the short run. We take the capital utilization parameter ν from Jakab and Világi (2008) . The debt elasticity of the foreign currency interest rate ψ is higher than in Schmitt-Grohé and Uribe (2003), but much lower than estimated values such as in García-Cicco, Pancrazi and Uribe (2010), whose median estimate is 2.8. Our value is in the range estimated by Magyari (2010) for Hungary. We fix the intertemporal elasticity parameter ϑ = 2 at a standard value in the literature. Finally, as common in the literature, the steady state mark-ups are set to µ = µ x = 0.1.
< Table 1 about here >
The value of the matching function elasticity is set to σ = 0.5, which is standard in the literature; Petrongolo and Pissarides (2001) argue that this is in the reasonable range of estimates. Also in line 8 See Yilmazkuday (2008) for evidence on structual breaks in transition economies.
with the literature, for workers' bargaining power we impose the Hosios condition and set η = σ = 0.5. The (steady state) job finding rate is taken from Hobijn and Sahin (2009) , who compute these rates for OECD countries. The quarterly value for Hungary iss = 0.19. Finally, we use the average unemployment rate between 1995-2012 to pin down the steady state unemployment rate atū = 0.08.
The value of non-labor activity is difficult to reliably calibrate. It is a combination of unemployment benefits and the value of leisure. For the unemployment replacement rate z u /w we use the value reported by the OECD for Hungary 9 . Since we lack reliable references for the second component (χ /λ w ), we estimate it. Note that we allow for a shock to the outside option given the large changes in policy in the sample period.
The remaining labor market parameters and moments can be calculated from steady state conditions. We use the definition of the job finding rate and the equationn = 1 −ū to get the separation rate, which isρ
For the chosen values fors andū, the implied value isρ = 0.0165. This is much lower than in the US, but comparable to European numbers and very similar to Hobijn and Sahin (2009) . The steady state level of vacancies is hard to measure, but luckily we only need to compute κθ to solve the model. This can be done using the steady state wage equation and job creation condition, along with the wage rate.
Prior distributions for the estimated parameters are shown in the first three columns of Table 2 . All the standard deviations of the shocks are assumed to be distributed as an inverted Gamma distribution with mean and standard error of 1 percent. Prior distributions of the autoregressive parameters are Beta with mean 0.5 and standard error of 0.15 for all shocks. Prior distributions for the rest of the estimated parameters are shown in Table 2 . Loose priors for the Calvo and indexation parameters are assumed and they were set to be equal to a Beta with mean 0.5 and standard error of 0.15.
Estimation results
Columns 4-6 in Table 2 contain the estimation results. The price Calvo parameter γ is estimated quite precisely, and indicates that firms change prices every fourth quarter. This is in line with other sources of evidence for Hungary, for example firm survey data (Kézdi and Kónya, 2011) . Pricing in the export sector is more flexible.
The data is not particularly informative about the indexation parameters. The policy rule parameter posteriors are also similar to the priors, except for the exchange rate change, which is much lower.
< Table 2 about here >
The wage Calvo parameter for existing jobs is precisely estimated, and it is significantly lower than what is suggested in Kézdi and Kónya (2011) , who find that the average survey response is about 4 quarters. Neither the wage indexation nor the new hire's Calvo parameter are different from the priors. Overall, while most of the estimated parameters are sensible, in many cases identification is not very strong.
OECD, Benefits and wages: tax-benefit indicators (2007).

Evaluation
Now we turn to the evaluation of our estimated model. First, we compare our baseline results to an alternative model without search and matching frictions. This exercise highlights the role of matching frictions in the propagation of shocks. Second, we present impulse responses and shock decompositions to learn about the role of labor and non-labor shocks in generating fluctuations. In these, we pay special attention to the role of new hires wage rigidity, where we contribute to the literature by providing a quantitative evaluation in a medium scale DSGE model.
Model comparison
To evaluate how our model fits the data overall, it is useful to find a comparison point. For that purpose, we also estimated a somewhat simplified version of Jakab and Világi (2008) , which in turn build on Smets and Wouters (2003) and Erceg, Henderson and Levin (2001) . We call this the "EHL" model, and refer to our baseline specification as the "SM" (Search and Matching) model.
To make the comparison as close as possible, we replaced the labor market block of our baseline, but kept the rest of the model unchanged. In the EHL model, instead of the search and matching specification, wages are set by households supplying differentiated labor varieties, subject to Calvo-type wage setting frictions. To take account of the slow adjustment of employment, an ad-hoc Phillipscurve type equation is also specified for employment, where the driving force is the desired amount of total hours demanded by firms.
Since the derivations are standard (see, for example, Adolfson, Laséen, Lindé and Villani, 2007), here we simply reproduce the two main labor market equations:
where H t stands for total hours, σ w is the elasticity of substitution between labor varieties, and ϕ is the inverse Frisch elasticity of labor supply. These two equations replace 7, 8, and all conditions in the baseline SM model linking employment, unemployment and job flows. As stated before, all other equations of the SM and EHL models are the same.
The labor supply shock, χ is also the same in both specifications, but we replaced the separation rate shock with an employment shock n t . By making employment sluggish and subject to an exogenous shock, we want to give the EHL model a chance to fit the data as well as or better than the SM model.
< Table 3 about here >   Table 3 reports some comparisons between the two estimation results. The main conclusion is that even though the reduced form equations are very similar, the search and matching model fits the data significantly better. Based on the log data densities reported in the table, the posterior odds ratio strongly favors the SM model. As emphasized above, we get this result despite the fact that the two models share the same reduced form specifications for employment and nominal wage inflation.
The selected parameter estimates reported in Table 3 are quite similar 10 . The only meaningful differences are for the consumption habit parameter, which is lower under the SM specification, and for the wage Calvo parameter, which is higher in the SM model. For the latter, the SM wage Calvo estimate -while still too low -is closer to what is reported in Kézdi and Kónya (2011) .
Figures 1-4 plot impulse response functions for selected shocks and variables, comparing the propagation of shocks between the two models. There are significant differences. The baseline model produces a much lower GDP response to a monetary policy shock, in line with Jakab, Vonnák and Vár-palotai (2006) and Vonnák (2007) . The response of employment to a technology shock is more muted in the SM model, and turns positive after two quarters; it is always negative in the EHL model. The UIP shock has a bigger impact on inflation, and a smaller one on GDP in the SM model than in the EHL model, in line with Vonnák (2010) . The same finding emerges -even more dramatically -for the labor supply shock. Overall, we find that while the estimated parameters are quite close, the propagation of shocks in the SM model is more in line with VAR evidence for Hungary.
< Figures 1-4 about here >
These results are particularly interesting because we allow for slow employment adjustment in the EHL model (see above). One important difference, however, remains: wages and employment are less connected in the SM model than in the EHL model. This is so because in a frictional labor market wages are more redistributive than allocative, due to the presence of a surplus in employment relationships. Therefore, we conjecture that the data rejects the tight relationship between (period) wages and (short-run) employment changes in favor of a more flexible approach used in the SM model.
For similar degrees of wage rigidity, the employment -and hence GDP -response is more sluggish in the SM model than in the EHL model. As Arsenau and Chugh (2012) explain, a very large degree of real wage rigidity is needed in the search-and-matching model to make employment volatility similar to that predicted by the EHL approach. Our estimation procedure, however, does not find that:
neither the extrinsic wage rigidity parameters (γ w ,δ w ) nor the intrinsic wage rigidity parameters (η, z u ,χ/λ) are particularly large. In Arsenau and Chugh (2012) the former are zero, while the latter follow the small surplus calibration of Hagedorn and Manovskii (2008) , and hence deliver very rigid real wages. Our medium scale DSGE model is able to fit data moments with a combination of shocks instead, and does not require the same degree of wage rigidity (see also for Konya and Krause, 2009 for a similar result).
The role of wage rigidity
In this section we explore the role of wage rigidity for existing and new hires in shock propagation. This is a potentially important aspect of our model, and also connects to a large literature on the role of wage stickiness in models with labor market frictions (Shimer, 2005; Pissarides, 2009; Haefke, C., M. Sonntag, T. van Rens, 2013) .
Figures 5 and 6 investigate the role of new hires wage rigidity 11 in shock propagation. This aspect of the model is a novel feature of our analysis, hence we present two sets of IRFs to check whether 10 This holds also for the other common parameters that we did not include in the table for brevity. The two parameters specific to the EHL mode, σ w and ϕ, are estimated, but the posteriors basically mimic the priors with means 6 and 1, respectively. 11 In the discussion that follows we sometimes use the abbreviation NHWR for brevity.
distinguishing new hires wage rigidity is important. 12 Given the very imprecise estimate of this parameter, we compare the baseline estimates to two alternative specifications: one where new hires wages are just as rigid as wages in existing jobs (δ w = γ w ), and one where new hires' wages are fully flexible (δ w = 0). The former is the assumption in Gertler, Sala and Trigari (2008) ; while the latter is advocated in Pissarides (2009) . We thus contribute to the growing literature on the importance of new hires' wage stickiness, by looking at its role in a fully fledged DSGE model.
< Figures 5-6 about here >
As the figures show, the importance of δ w is very much shock and variable dependent. 13 In response to a monetary policy shock, the path of employment, and to a lesser extent GDP, is dependent on NHWR. Inflation and the real wage, on the other hand, are unaffected. Since the estimated δ w is much closer to γ w than to 0, the baseline and high rigidity impulse responses are close to each other.
Nevertheless, in case of employment, even a small increase in the flexibility of new hires' wages have non-negligible effects.
For the labor supply shock, inflation, employment and GDP all respond differently as δ w varies.
In particular, flexible new hires wages lead to more amplification of this shock for all three variables.
Even moderate flexibility leads to noticeable changes, but the case of δ w = 0 clearly stands out in magnitude.
Overall, we conclude that at least for some shocks the flexibility of wages in new jobs is an important determinant of shock propagation. While our mean estimated value of δ w is not very far from γ w , the parameter is not identified very well in the data to leave enough ambiguity behind. New hires wage rigidity has potentially significant quantitative implications in a medium scale DSGE model, and hence it is an issue that needs to be investigated further.
Theoretical and historical shock decompositions
In this section we explore the relative role of different shocks to explain movements in key model variables. We do this by presenting theoretical and historical shock decompositions for a selected set of variables.
< Table 4 about here > Table 4 presents the theoretical variance decomposition of a selected set of key variables in the model, using the posterior means for the parameter values and shock innovation sizes. GDP is mostly explained by technology shocks (ν a , ν i ), and to a lesser extent open economy shocks (ν x , ν m p ), and the separation shock (ν ρ ). Domestic demand and nominal shocks play essentially no role for GDP.
Monetary policy shocks matter moderately for inflation, whose fluctuations are explained mostly by the cost push shock (µ), the investment specific shock, the UIP shock and a combination of other shocks. The domestic interest rate shock is important for consumption, and plays a significant role for exports and imports. Investment is basically explained by its own shock, which may indicate that the model's internal propagation for investment is weak.
Labor market shocks are the most important for labor market variables (employment and the real 12 In response to a technology shock the differences are very small (not reported). The UIP shock IRFs are very similar to monetary policy shocks, i.e. NHWR is important for employment only (not reported).
13 Note that the real wage IRFs are very similar throughout, which should not be a surprise. Job destruction and job creation are low in Hungary, so average wage inflation is mostly determined by the evolution and rigidity of wages in existing jobs.
wage). This is especially true for employment, where separation shocks account for 2/3 of the variation. This contrasts with Shimer (2005) , who argue that in the US, job creation is the main cyclical driver of (un)employment. Elsby, Hobijn and Sahin (2013) This may be an artifact of our sample period: the external financing premium was low and stable in most of this period, and became very important in the crisis years. For reasons we detailed above, however, we do not feel confident that our detrended and linearized model can adequately capture the crisis experience of Hungary. For a more tailored approach, see Benczúr and Kónya (2012) . Hungarian economy that this mostly showed up in inflation and employment, but not in GDP (Jakab, Vonnák and Várpalotai, 2006; Vonnák, 2007) .
Conclusions
This paper presented an estimated DSGE model of the Hungarian economy with search-and-matching frictions. Our results show that the structure of the labor market has a significant impact on monetary transmission. Shocks originating from the labor market, however, were not particularly important determinants of variables outside the labor market in our estimation period. This does not mean that labor market disturbances are irrelevant, but their effect may operate on a longer horizon than what 14 Another difference is that we focus on employment instead of unemployment. If labor force participation (not in our model) affects these differently, the measured role of inflows and outflows in the two-state model might also be different. See Elsby, Hobijn and Sahin (2013b) for some new evidence on the participation margin, and Campolmi and Gnocchi (2011) for putting participation into a DSGE model. 15 We omit the role of initial conditions on the figure, it can be computed by subtracting the sum of the shock contributions from the total.
our model captures. Difficulties in jointly modeling search frictions and sticky prices may also contribute to this finding.
Wage rigidity in existing jobs is fairly high, and it is an empirically important feature of the model.
We also find that the extent of the flexibility of new hires wages is quantitatively important for shock
propagation. This finding is, to the best of our knowledge, novel in the literature on search frictions in medium scale DSGE models.
Foreign shocks, especially to export demand and to the exchange rate, play a moderate role in the Hungarian economy. This, however, could be due to the selection of the sample period. Including the crisis years after 2008 would likely change this conclusion, but our modeling framework is not equipped to handle large shocks. This is an important avenue for future investigation.
Finally, comparing our estimates to an alternative DSGE model reveals that our structurally more rigid labor market leads to a more realistic picture of the Hungarian economy. In particular, we find a better overall fit, and smaller output responses to various shocks, which is more in line with VAR evidence for Hungary. 
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